INTRODUCTION {#sec1-1}
============

Inter-appointment flare-up may be defined as the occurrence of severe pain, swelling, or both, following an endodontic treatment appointment, which requires an unscheduled visit for emergency treatment.\[[@ref1][@ref2]\] It is reported that patients with diabetes mellitus are prone to severe endodontic infections and have increased incidence of flare-up.\[[@ref3]\] This is attributed to alterations in immune functions and the presence of more virulent microorganisms in root canals of diabetic patients.\[[@ref4][@ref5][@ref6]\]

Various intracanal medicaments are advocated to eliminate bacteria and prevent multiplication of bacteria between the appointments.\[[@ref3]\] Calcium hydroxide (CH) has been the most commonly used medicament, and its dressing is shown to provide more bacteria-free canals than those devoid of any dressing.\[[@ref7]\]

Local application of antibiotics in the root canal has been suggested to overcome the potential risk of adverse systemic effects of antibiotics and as an effective mode for drug delivery in teeth lacking blood supply due to necrotic pulps or pulp-less status.\[[@ref8]\] Because root canal infections are polymicrobial consisting of both aerobic and anaerobic bacterial species, single antibiotic may not be effective in canal disinfection. Therefore, combination of antibiotics, mainly consisting of ciprofloxacin, metronidazole, and minocycline, referred to as triple antibiotic (TA) paste has been suggested for root canal disinfection.\[[@ref9][@ref10]\]

Because diabetic patients are prone to severe endodontic infections and increased flare-up, antibacterial intracanal medicaments such as CH and TA paste may play an important role in reducing the incidence of inter-appointment flare-up in diabetic patients. Few studies have evaluated the role of CH on the incidence of flare-up.\[[@ref11][@ref12]\] However, hardly any studies have evaluated the effect of these antibacterial intracanal medicaments on the incidence of flare-up in diabetic patients. Therefore, the present *in vivo* study was conducted.

MATERIALS AND METHODS {#sec1-2}
=====================

The following study was carried out after obtaining the approval of the institutional ethics committee (Reference no. 09077). Fifty male and female adult patients aged between 18-60 years and having diabetes mellitus and requiring root canal treatment in single rooted anterior and premolar teeth were selected. The selected patients were considered irrespective of type and control status of diabetes, and the selected tooth was considered irrespective of its pulpal, periapical, and periodontal status. However, patients with systemic factors such as pregnancy, immunocompromised status, and tooth-related factors such as root fractures, open apex, intraoral and extraoral swelling, extraoral sinus opening, and need for retreatment were excluded from the study. The selected patients, who signed the informed consent, were randomly assigned into following groups as shown in [Table 1](#T1){ref-type="table"}.

###### 

Type of study groups and number of diabetic patients
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Root canal treatment was initiated under local anesthesia and rubber dam isolation. Working length was established 1 mm from the radiographic apex. The coronal one-third of the canal was enlarged using Gates Glidden drills (Mani, Inc., Tochigi, Japan). The apical portion of the canal was enlarged using K-files (Dentsply Maillefer, Ballaigues, Switzerland) to size 3-4 files larger than the initial apical file, and the rest of the canal was prepared using step-back technique. The canals were irrigated copiously with 2.5% sodium hypochlorite (Novo Dental Products Pvt. Ltd., Mumbai, India), 17% EDTA (B. N. Laboratories, Mangalore, India), normal saline, and 0.2% chlorhexidine (Vishal Dentocare Pvt. Ltd., Ahmedabad, India). The final irrigation was done with normal saline. Following instrumentation and irrigation, canals were dried and treated in the following manner:

**Group I:** Access opening was restored temporarily with zinc oxide eugenol cement (Dental Products of India, Mumbai, India), without any intracanal medicament.

**Group II:** CH was placed as an intracanal medicament. A total of 100 mg of CH powder (Dento Kem, Faridabad, India) was dispensed and mixed with one drop of propylene glycol on a clean and dry glass slab to prepare a thick paste-like consistency. This paste was carried into the canal and gently compacted using a finger pluggers, and access opening was restored temporarily with zinc oxide eugenol cement.

**Group III:** TA paste was used as an intracanal medicament. It was prepared by removing the coating and crushing of antibiotic ciprofloxacin (Ciplox 500 mg, Cipla, India), metronidazole (Metrogyl 400 mg, J. B. Chemicals and Pharmaceuticals Ltd., India), and minocycline (Minoz 100mg, Cipla, India) tablets separately using a mortar and pestle. The crushed powder was passed through a fine sieve to remove heavy filler particles and obtain a fine powder. The ciprofloxacin, metronidazole, and minocycline powders thus obtained were weighed separately and mixed in a 1:3:3 proportions, respectively, to obtain TA mixture. A total of 100 mg of this TA mixture was dispensed and mixed with one drop of propylene glycol to get a thick paste-like consistency. This paste was placed and gently compacted into the canal using a finger plugger, and access opening was restored with zinc oxide eugenol cement. The patients belonging to group II and group III were recalled after 7 days following the first visit to change the intracanal medicament.

All the treated patients were prescribed paracetamol tablets and received a questionnaire to record their pain on days 1, 2, 3, 7, and 14. Inter-appointment flare-up was assessed using verbal rating scale (VRS) using the following criteria:\[[@ref13][@ref14]\]

VRS-0 (the treated tooth felt normal)

VRS-1 (the treated tooth was slightly painful for a time, regardless of the duration, but there was no need to take analgesics)

VRS-2 (the treated tooth caused discomfort and/or pain, which was rendered comfortable by taking one tablet of paracetamol)

VRS-3 (the treated tooth caused discomfort and/or pain, which was rendered comfortable by taking two tablets of paracetamol at a 6-h interval)

VRS-4 (the treated tooth caused discomfort and/or pain, which was rendered tolerable by taking two tablets of paracetamol at every 6 h for 3 days)

VRS-5 (severe pain and/or swelling caused by the treated tooth that disturbed normal activity or sleep and paracetamol tablet had little or no effect.)

Cases with VRS 4 and 5 were regarded as inter-appointment flare-up. The results were analyzed using Chi-square test and statistical package Statistical Package for the Social Sciences (SPSS) 16.

RESULTS {#sec1-3}
=======

Among the total 50 diabetic patients evaluated, 16% of the patients (8 of 50 patients) developed inter-appointment flare-up. The groups with number of patients who developed inter-appointment flare-up at different time intervals are shown in [Table 2](#T2){ref-type="table"}. In group I (no intracanal medicament) 50% (5 of 10 patients) of the patients and in group II (CH) 15% (3 of 20 patients) of the patients developed inter-appointment flare-up. However, none of the patients in group III (TA paste) developed inter-appointment flare-up \[[Table 3](#T3){ref-type="table"}\].

###### 

Incidence of inter-appointment flare-up in diabetic patients at different time intervals
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###### 

Number and percentage of diabetic patients with inter-appointment flare-up
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Although the results were statistically significant (*P* = 0.002; χ^2^ = 12.426), only the difference between groups I and III was significant (*P* = 0.002; χ^2^ = 12.00). However, the differences between groups I and II (*P* = 0.07; χ^2^ = 4.176) and groups II and III (*P* = 0.23; χ^2^ = 3.243) were statistically not significant.

DISCUSSION {#sec1-4}
==========

Pain is inherently subjective and its measurements primarily rely on the verbal report of the patients. Several scales and methods have been used for the assessment of pain after endodontic therapy. Among them, the VRS is considered to be a valid and reliable scale for the measurement of pain.\[[@ref15]\] Therefore, VRS was used in this study to evaluate inter-appointment flare-up. The scores of VRS were categorized into six groups (ranging from 0 to 5) based on the need and quantity of analgesic intake for any pain relief. This was done to make the patient understand the pain scale better and make it clinically more relevant.\[[@ref16]\]

The recommended retention period for the intracanal medicament is no less than 14 days. However, recontamination of the canal may take place if the medicament is retained for 2 weeks.\[[@ref17][@ref18]\] Considering a minimum 1-week retention period, medicaments were changed after 7 days in the current study.

A flare-up is said to be those incidences of either severe pain or swelling in 48 h (2 days) after the initiation of the endodontic procedure without any correlation with the number of visits of endodontic treatment.\[[@ref19]\] Furthermore, inflammation is said to take at least 10--14 days to subside.\[[@ref6][@ref17]\] Therefore, the incidence of inter-appointment flare-up in the present study was evaluated on days 1, 2, 3, 7, and 14.

In the present study, overall incidence of inter-appointment flare-up in diabetic patients was found to be 16%. A retrospective study that evaluated the effect of diabetes mellitus on the endodontic treatment outcome, using data from an electronic patient record, showed an incidence of flare-up of 4.8 and 2.3% in diabetic and non-diabetic patients, respectively. Though it was not statistically significant, it was said that diabetic patients had twice as many flare-ups than nondiabetic patients.\[[@ref6]\] The increased incidence of flare-up in diabetic patients could be a result of the alterations in immune functions, such as depressed leukocyte adherence, chemotaxis, and phagocytosis, or the presence of more virulent microorganisms in root canals with necrotic pulp of such patients as shown by various studies.\[[@ref4][@ref5]\] A study by Fouad *et al*., showed a positive association between the presence of diabetes and certain virulent root canal bacteria.\[[@ref4]\]

In the present study, highest incidence of inter-appointment flare-up was found in no intracanal medicament group, as half the patients in it developed the flare-up. This signifies that diabetic patients undergoing endodontic therapy without medicaments between the visits are more prone to flare-ups.

In comparison with no intracanal medicament group, though statistically insignificant, fewer diabetic patients in CH group developed inter-appointment flare-up. This could be attributed to the chemical, physical, and antimicrobial effects of CH. CH due to the release and diffusion of its hydroxyl (OH^−^) ions leads to a highly alkaline environment, which is not conducive to the survival of microorganisms in the root canal.\[[@ref20]\]

In contrast, none of the diabetic patients with TA paste developed any inter-appointment flare-up. This finding was statistically significant in comparison with no intracanal medicament group and could be attributed to the combined spectrum of antimicrobial activity and synergetic or additive actions of antibiotics ciprofloxacin, metronidazole, and minocycline found in TA paste. Individually, ciprofloxacin has broad spectrum activity and acts against both Gram-positive and Gram-negative bacteria by inactivating enzymes and inhibiting cell division.\[[@ref21]\] Metronidazole is effective against obligate anaerobes, which are common in the deep dentin of infected root canals and acts by disrupting bacterial DNA.\[[@ref21]\] Minocycline is a broad-spectrum tetracycline antibiotic and acts by inhibiting protein synthesis and inhibiting matrix metalloproteinase enzyme.\[[@ref21]\] Combination of these three antibiotics overcomes bacterial resistance and achieves higher antimicrobial action.\[[@ref9]\] Previous studies have shown favorable results when antibiotic mixture of ciprofloxacin, metronidazole, and minocycline has been used as topical root canal agents.\[[@ref9][@ref10][@ref22]\] The absence of inter-appointment flare-up with TA paste can also be attributed to the anti-inflammatory property of antibiotic minocycline.\[[@ref23]\] However, TA paste can have few drawbacks. It is shown to be most cytotoxic to human periodontal ligament fibroblasts and cause persistent and exacerbated inflammatory reaction in mouse subcutaneous connective tissue.\[[@ref24][@ref25]\] This might be potentially significant in diabetic patients due to their immunocompromised status as any overextrusion of TA paste can become counterproductive. Additionally, TA paste is said to cause most severe discoloration of the tooth due to minocycline component.\[[@ref26]\]

In the current study, though no statistical significance was found between CH and TA paste groups, few patients in CH group had developed inter-appointment flare-up when compared with none in TA paste group. Therefore, it may be clinically relevant to consider that CH may not be as effective intracanal medicament as TA paste. It is suggested that CH may fail to exert its beneficial effects due to factors such as increased bacterial adhesion to dentin, buffering capacity of dentine, presence of biofilm, and necrotic tissue. Further, certain bacteria like *Enterococcus faecalis* and opportunistic infection causing organisms such as Candida, which are commonly found in diabetic patients, are found to be highly resistant to CH.\[[@ref20][@ref27]\] Recent studies also have supported this and showed that CH has limited efficacy against the above organisms and lesser antimicrobial activity when compared with other intracanal medicaments tested in the studies.\[[@ref28][@ref29]\]

CONCLUSION {#sec1-5}
==========

CH and TA paste are effective for managing inter-appointment flare-up in diabetic patients. However, TA paste is more effective than CH in preventing the occurrence of flare-up in diabetic patients. However, more controlled studies are required for further clinical validation of the findings pertaining to the present study.
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